The Sioux Falls Water Reclamation Facility (WRF) treats primary and secondary sludges in three primary anaerobic digesters and one secondary digester. Treated sludge is stored in lagoons until disposal by land application. Continuation of the land application process will require significant investment. The primary purpose of this study is to evaluate alternative biosolids handling and disposal methods. The study includes a forecast of biosolids production rates due to growth and future nutrient removal treatment processes. The study also addresses processing and storage options, and establishes a 20-year biosolids management plan.
INTRODUCTION Study goals
The Water Reclamation Facility (WRF) anticipates numerous expenses in order to continue its current biosolids disposal program. As an alternative, WRF staff hope to transition from liquid land application of biosolids to a mechanical dewatering program in order to reduce costs.
The scope of this study is as follows: 1) Review current biosolids handling, storage and disposal operations; 2) Evaluate biosolids processing, storage, and disposal alternatives; 3) Evaluate future Water Reclamation Capital Improvements Plans for cost consolidation options for processing, storage, and disposal; 4) Present recommendations for improvements.
The following criteria were used as a basis for alternatives evaluations: 1) Capital cost; 2) Life-cycle costs; 3) Innovation vs. Reliability; 4) Best use of staff and existing infrastructure; 5) Environmental Sustainability.
Background
The Sioux Falls WRF began operations in 1978. The plant discharges treated effluent to the Big Sioux River.
Primary, secondary and waste activated sludge are treated in three primary anaerobic digesters. The digested biosolids are then transferred to one secondary digester. Biosolids are then transferred to one of two storage lagoons until final disposal. Biosolids are thickened in the sludge storage lagoons by decanting supernatant from the lagoons back to the WRF.
Since 1995, the WRF has applied biosolids to approximately 2,000 acres of leased agricultural land. WRF staff currently land apply approximately 2,400 dry metric tons of Class B biosolids annually. Liquid biosolids are loaded into 5,900 gallon tanker trailers/semi-trucks from the biosolids storage lagoon by means of a dredge system. The City uses a four-wheel-drive tractor and pull-type slurry tank with subsurface injection for land application. The biosolids are used as a soil conditioner and fertilizer. Historically, the City is able to land apply from the spring, throughout the summer, and into the fall. This is possible due to the mixture of crop and pasture land available for land application.
The WRF's disposal equipment is approaching the end of its useful life. In addition, changes in nutrient removal requirements are anticipated, potentially increasing biosolids production. Table 1 lists the City's active, leased biosolids application fields by their distance from the WRF. The City has additional inactive sites that can be used for biosolids land application.
Anaerobic digestion facilities
Three anaerobic primary digesters with floating covers produce a Class B biosolids material. A secondary digester is used to further stabilize biosolids. Digester gas is stored in a pressurized sphere and is used to fuel engine generators.
Growth
This study assumes an annual increase of 2% biosolids production at the Sioux Falls WRF due to population growth. Additional increases in biosolids production may result from implementation of a Fats, Oils, and Grease (FOG) receiving program at the Sioux Falls WRF. Options for a FOG receiving program are currently being investigated. This study does not include increases in biosolids production from FOG program(s).
Current operations
The existing biosolids storage lagoons have a capacity of approximately 31.794 ML (8.4 million gallons) each, or 63.588 ML (16.8 million gallons) total. Each lagoon is an earthen basin with a clay A dredge platform with pump, originally installed in 1995, is moored in the primary lagoon. This dredge is used to mix the lagoon contents and pump sludge into tanker trucks for hauling to land application sites. There is limited mixing in the lagoon, which results in a labor intensive removal of the stored biosolids. The lower layers of biosolids tend to be very thick when compared to the upper layers. The upper layers of thinner sludge, or supernatant, can be decanted back to the humus pumps. The solids concentration in the decanted flow is approximately 0.5%.
The existing lagoons are sufficient for 365 days' worth of liquid biosolids at the design year 2033. However, as sludge quantities increase due to nutrient removal, the lagoon storage will become undersized. Managing sludge levels and storage through decanting will become more difficult.
The WRF currently removes biosolids from the storage lagoons and land applies biosolids with its own staff. In 2011, staff logged more than 3,600 personnel-hours in the pumping, loading, hauling, and land application of residuals. Generally, land application occurs in the fall after crops have been removed, but spring application is not uncommon. Due to the projected increase in biosolids production at the WRF, the City anticipates adding a second biosolids crew to keep up with land application needs by Year 2016. A second biosolids crew will also require capital expenses for a second set of land application equipment.
The City applies biosolids on the fields at 95% of the agronomic rate determined by soil sampling. Biosolids are applied to a portion of the permitted land application sites each year in rotation. Table 2 below shows the biosolids land application information for the past five years.
Condition assessment
The three tanker trucks for hauling and the sludge lagoon dredge are nearing the end of their useful life. The tanker trucks are scheduled to be replaced in 2018, and the sludge lagoon dredge in 2021. The biosolids storage lagoons are in good condition. The clay liner is assumed to be in good condition; however, repair may be necessary at the end of the design period if the lagoons remain in service.
Limitations of current system
The existing biosolids storage lagoons would provide only 0.6096 m (2 feet) of operating freeboard for 365 days' worth of liquid biosolids at 6.27% solids. Such minimal freeboard would need to be approved by the South Dakota Department of Environment and Natural Resources. This study assumed that the reduction in the freeboard could be approved since the lagoons are used as storage and not wastewater stabilization. Vehicle capacity and employee availability are also limited. Within five years, a second set of biosolids handling and disposal vehicles will need to be purchased, and a second crew hired, to handle the additional biosolids production.
Finally, eligible farmland near the WRF is dwindling. Additional farmland for land application will need to be contracted in order to keep up with the increasing biosolids production. This limitation could increase the WRF's hauling costs.
Existing dewatering building
The WRF previously used a Dewatering Building, but discontinued the use of the building and removed its belt filter press equipment. The existing Dewatering Building could be used to house new biosolids processing equipment, including polymer system, dewatering feed pumps, dewatering and drying equipment. The majority of the dewatering and drying equipment could be located on the second floor of the building. It was assumed that the second floor of the building had sufficient structural integrity to hold this equipment. Minimal building modifications would be needed for installing equipment in the building and placing equipment pads.
Present and future biosolids production
The past five years of biosolids land application data were examined to determine future design conditions. Application in 2011 was used as a baseline (year zero), and a 2% annual increase in biosolids volume was assumed for population growth. Table 3 summarizes the anticipated yearly biosolids production from Year 2011 thru Year 2033.
The WRF anticipates a forthcoming discharge permit with more stringent nitrogen and phosphorus removal requirements. Due to the probable permit limits and the liquid treatment process changes needed to achieve those limits, a one-time 10% increase in biosolids production was factored in Year 2024.
Biosolids production projections in Table 3 do not include any potential increase in biosolids production from the implementation of the FOG receiving program at the WRF. Options for a FOG receiving program are currently being investigated.
METHODOLOGY
The study was completed in two parts. Part 1, Biosolids Land Application Evaluation, reviewed the WRF's current land application process and the future of the land application program. This Part evaluated the pros and cons of continuing the current process with WRF staff, versus use of an outside contractor for biosolids handling and disposal.
Part 2, Biosolids Processing and Storage Evaluation, evaluated various dewatering and drying technologies to process digested biosolids, as well as storage methods for dewatered and/or dried biosolids prior to disposal. For dewatering equipment, this Part examined belt filter presses and screw presses to achieve a dewatered cake of at least 18% solids. For drying equipment, this part examined screw dryers and paddle dryers to achieve a dried Class A cake of at least 92% solids.
For both parts, economic and non-economic factors were evaluated. The economic evaluation analyzed capital and operations and maintenance (O&M) costs for processing, storage and land application of biosolids. Capital costs included equipment and infrastructure needed to implement the improvements for each alternative. The non-economic evaluation scored each alternative on the basis of other important but non-monetary factors.
Description of alternatives
The various Part 1 (Land Application / Disposal) and Part 2 (Biosolids Processing & Storage) scenarios combine to produce eleven alternatives for biosolids handling and disposal. Each alternative is a conceivable solution for the WRF, being practiced at numerous wastewater treatment facilities in the Midwest. The alternatives considered for biosolids handling and disposal are as follows.
• The economic summary analysis included O&M, present worth, and equivalent annual cost (EAC) for each alternative. O&M costs shown are for recurring annual costs during the design period for each alternative. O&M costs were inflated by 3% annually. Present worth costs were calculated to compare total costs of alternatives in current (2011) dollars. 10-year, 20-year, and 22-year present worth values were calculated to compare and rank the present worth costs from lowest value to highest. Present worth values were calculated using a 7% rate of return.
The EAC is the annual cost for each alternative over the 22-year design period. The EAC was calculated using a 7% rate of return.
A labor credit was applied to Alternatives 2 through 6 in the land application economic evaluation. The labor credit was derived from the current and future O&M cost to continue operating Alternative 1, assuming that the costs can be reallocated to other WRF operations. The labor credit was $106,225 (USD) per year.
An equalization (EQ) facility credit was applied to Alternatives 3-6 in the processing and storage economic evaluation. The EQ facility credit was derived from the assumption that the existing storage lagoons could be retrofitted for use as EQ basins instead of constructing a new wet-weather EQ basin in Year 2020. The EQ facility credit was $10,000,000 (USD). The credit was applied at Year 2020.
A summary of the results of the economic evaluation are given in Table 4 and Figure 1 .
Non-economic evaluation methodology
Non-economic factors were evaluated for each alternative and a value was assigned to each alternative for ranking purposes. Values were assigned based on a scale of least desirable to most desirable. Tables 5 and 6 display the values and rankings of each alternative. The non-economic considerations focus on how the alternative matches the project goals and fits at the Sioux Falls WRF with current staff and management. Parts 1 and 2 utilized different noneconomic criteria, since different criteria were relevant to each. Non-economic criteria for Part 1 were as follows.
• 
Key: -, Highly Undesired; À, Undesired; 0, Neutral; þ, Desired; þþ, Highly Desired. 
Key: -, Highly Undesired; À, Undesired; 0, Neutral; þ, Desired; þþ, Highly Desired.
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DISCUSSION OF RESULTS AND RECOMMENDATIONS
Several Biosolids Land Application Contractors serve the Sioux Falls area. These Contractors would be able to meet the objectives of the WRF. One of the most critical questions for this study is whether the WRF should continue to land apply biosolids with their own staff, or select a Contractor for land application of biosolids. Four key issues pertain to this question as follows.
• Economics: Some of the WRF's current land application equipment is nearing the end of its useful life and is scheduled to be replaced in year 2018 and the dredge replacement in year 2021. The equipment replacement costs will require a significant capital cost. Additionally, in the future the WRF will be required to purchase new land application equipment to meet the increased biosolids production. The economic analysis reflects the replacement and new equipment costs for the land application equipment. The 10-year present worth analysis shows the Contractor land application option carries significantly less cost than WRF land application. Incorporating biosolids processing can reduce the volume of biosolids for land application, thus eliminating the need for significant investment in land application equipment.
• Disposal risk: The WRF's current land application process relies on farmer schedules, available farm land, weather conditions, regulatory requirements, and lagoon storage capacity. Many of these risks may become more burdensome to the WRF as the years progress. The WRF has already begun to experience the need to expand the radius of their search for available farm land. Processing the biosolids can reduce or completely remove these risks as displayed in Table 6 .
• Labor: The WRF uses a tremendous amount of labor during the land application season. Additional staff will be needed in the near future to meet the increasing land application demand. Also, as the plant ages, the regular maintenance of equipment to support treatment processes is becoming more essential. The additional labor needed for biosolids processing could be met more easily if land application labor demand was reduced.
• Beneficial reuse: There is a potential for beneficial reuse of existing resources if the WRF elects to stop self-performing land application. As previously noted, labor resources can be reallocated to fulfill other labor needs. Additionally, infrastructure resources can be reallocated to fulfill future infrastructure needs (e.g. reuse biosolids lagoons as wet weather EQ basins). Consideration should be given to installing biosolids processing equipment and systems in the decommissioned Dewatering Building to provide a beneficial reuse of this space. There is also a potential beneficial reuse of dried Class A biosolids within public grounds, if the WRF elects to dewater and dry the biosolids.
Alternative 1 is the WRF's current biosolids processing and land application process. The alternative has the most expensive present worth of all the options, and the second worst ranking on the noneconomic factors. This alternative is not recommended for continuation.
Alternative 2 ranked 6th (of 11) on the basis of present worth, and is ranked 4th (of 6) on the noneconomic factors. The WRF would be able to transfer existing staff from the biosolids handling crew to other plant operations, and additional staff that would be required for Alternative 1 will not be required for biosolids handling processes. Existing infrastructure would not be available to reallocation to future needs. This alternative is not recommended as a long-term solution; however, this alternative is worth considering as an interim solution until the WRF has funds available for construction of a better long-term solution.
Among all the remaining alternatives, Alternative 4B stands out as offering an excellent combination of economic and noneconomic benefits. Alternative 4B ranked 3rd (of 11) on the basis of present worth, and has the best ranking on the non-economic factors. The WRF would be able to transfer existing staff from the biosolids handling crew to other plant operations, and additional staff that would be required for Alternative 1 would not be required for biosolids handling processes. The existing infrastructure for the biosolids lagoons and the decommissioned Dewatering Building could be reallocated for future needs. The alternative produces Class A biosolids and the biosolids are aimed at use on public grounds and/or private grounds within the WRF. This alternative is recommended as the long-term solution for the Sioux Falls WRF.
Implementation
The implementation of these recommended improvements should be added to the Capital Improvements Plan for the WRF.
Generally, the WRF should proceed immediately with the selection process of a Biosolids Specialty Contractor for the land application of biosolids. A Scope of Services should be developed to secure a Biosolids Specialty Contractor for this work. The Scope should include qualifications of the firms, similar experience with references, a statement of availability (during land application season), project team, project approach, and cost basis information. The WRF then can look at each of the firms and make an evaluated selection for land application. At that point, the WRF can finalize the contract with the selected Contractor.
The capital improvements for the biosolids processing and storage improvements should be implemented as soon as funding is available. The WRF may elect to replace the biosolids infrastructure piecemeal during the interim period. The priority for this work may depend on the timeframe to transition to land application by a Biosolids Contractor.
Pilot testing of biosolids processing equipment should be completed ahead of design of these facilities. This testing will further define the requirements for this equipment based on the biosolids characteristics to be processed. Any dewatering and drying technologies should be pilot tested in conjunction with one another to represent actual operating conditions.
